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$\gamma$ –
$u_{\tau}$
$u_{\tau}=(6g\sin \mathrm{Y})^{1/}2$ . (1)





$\frac{\ r_{i}}{\partial t}+u_{j}\frac{\partial u_{i}}{\partial x_{j}}.=-\frac{\Phi}{\partial\kappa_{i}}+\frac{1\partial^{\underline{\gamma}}u_{i}}{{\rm Re}\ _{j}\ _{j}}+| \mathrm{R}\mathrm{i}|\pi i3$ (3)
$\frac{\partial T}{\partial t}$
.
$+ll_{j^{\frac{\partial T}{\ _{j}}=\frac{1}{\mathrm{R}\mathrm{e}\cdot \mathrm{P}\mathrm{r}}\frac{\partial^{2}T}{\ _{j}\ _{j}}}}$ (4)
u\tau
6 $\Delta T$ (2)-(4)
${\rm Re}= \frac{u_{\tau}6}{\mathrm{v}}$ , $\mathrm{P}\mathrm{r}=\frac{\mathrm{v}}{\alpha}$ , $\mathrm{R}\mathrm{i}=\frac{\beta g6\Delta T}{u_{\mathrm{T}}^{2}}$ (5)
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$farrowarrow(\iota 0)0\text{ }$ 1 $U_{\mathrm{a}\mathrm{v}\mathrm{e}}$ $U_{aw}= \int_{0}^{1}u_{1}\ _{3}$
Ri $U_{\Phi’e}$ Richardson
2-3
$\frac{\partial u_{1}}{\mathrm{a}_{3}}=\frac{\partial u_{2}}{\ _{3}}=u_{3}=0,$ $T=\Delta T$ ( ) $(6^{\wedge})$





































































$-\cdot R----Ri=i=100(\mathrm{b})$ $-.R—- Rii==010(\mathrm{C})$
$-0.2$ $.-\cdot-\cdot Ri=20$ $-0.2$ $.-\cdot-\cdot Ri=20$
$\iota_{1^{\backslash }}.$ .-.-.-.—.-.





$- 0.6$ $- 0.6$
$\cup$ $\angle\supset\{\supset\cup$ $/\supset$
$0$ 25 SO 75 $0$ 25 $+50$ $75$
$x_{3}$
. . $\cdot$ : $x_{3}$ $x_{3}$












(a)Ri$=0$ ;(b)Ri$=10|$ (c)Ri$=20$ .
$0$ (16)
K




























(1) Lam, K. and $\mathrm{B}\mathrm{a}\mathrm{n}\mathrm{e}_{\dot{\mathrm{U}}^{\mathrm{e}\mathrm{e}}}$, S., Phys. Fluids $\mathrm{A}_{J}.4,306$ (1992).
(2) Komori, S., Murakami, Y. and Ueda, H., J. Fluid Mech. $j203.1\prime 03$ (1989).
(3) Komori, S., Nagaosa, R. and Murakami, Y.., AIChE J., $36_{i}957$ (1990).
(4) Komori, S., Nagaosa, R., and Murakami, $\mathrm{Y}_{i}$. Phys. Fluids $\mathrm{A},\overline{3},$ $115$ (1993).
(5) Handler, R. A., Swean, Jr., T. F., Leighton, R. I. and $\mathrm{S}\backslash \iota \mathit{7}\mathrm{e}\mathrm{a}\mathrm{r}\mathrm{i}\mathrm{n}\mathrm{g}\mathrm{e}\mathrm{n}_{i}$ J. $\mathrm{D}_{i}$. AIAA J., $31_{i}$ 1998 (1993).
(6) Komori, S., Ueda, H., Ogino, F. and Mizushina, T., J. Fluid Mech.: 130, 13 (1983).
(7) Gerz, T., Schumann, U. and Elgobashi, S. E., J. Fluid Mech., 200, 563 (1989).
(8) Hanazaki, H. and Hunt, J. C. R., J. Fluid Mech. 318, 303 (1996).
(9) Nagaosa, R. and $\mathrm{S}\mathrm{a}\mathrm{i}\iota(\mathrm{b}$ T., submitted to AIChE $\mathrm{J}.(1997)$ .
(10) Metail, O. and Herring, J., J. Fluid Mech. 202, 117 (1989).
(11) Schumann, U. and Sweet, $\mathrm{K}$ A., J. Comp. Phys., 75: 123 (1988).
(12) Choi, H., Moin, P. and Kim, J., J. Fluid Mech. $2_{\overline{3}\overline{3}}.50\prime 3$ (1993).
(13) Nagaosa, R., Alendal, G. and Saito, T., submitted to Phyys. Fluids (1997).
(14) Hinze, J. O., Turbulence, 2nd edition ($\mathrm{M}\mathrm{a}\mathrm{C}\mathrm{c}_{\mathrm{r}\mathrm{a}\mathrm{W}}$ -Hill, New York), pp.600-614.
(15) Jeong, J. and Hussain, F., J. Fluid Mech. 285., 69 (1995).
(16) Jeong, J. Hus$s\mathrm{a}\mathrm{i}\mathrm{n}$, F., Schoppa, $\mathrm{W}$ and Kim, $\mathrm{J}$, J. Fluid Mech. 332, 185 (1997).
(17) Nagaosa, R. and Alendal, G., in preparation (1997).
(18) Nagaosa, R. and Alendal, G., submitted to Workshop $ofDNs_{andLE}S$ ofcomplexflows (1997).
(19) Alendal, G.
$\vee\cdot$ submitted to J. Comp. Phys. (1997).
(20) Rashidi, M., Hetsuroni, G. and $\mathrm{B}\mathrm{a}\mathrm{n}\mathrm{e}\dot{\eta}\mathrm{e}\mathrm{e}.$, S., Int. J. Heat Mass Transf.: 34, 1799 (1991).
(21) Komori, S., Nagaosa, R. and Murakami, $\mathrm{Y}_{i}.$ AIChE J. 36,$\cdot$ 957 (1990).
(22) Perot, B. and Moin, P., J. Fluid Mech. $i199,29\overline{3}$ (1995).
266
